A contraction abnormality of the left ventricle has previously been described in patients with systolic click-late systolic murmur syndrome. To determine if the contraction abnormality is present in the preprolapse period, LV dimensions and the instantaneous velocity of circumferential fiber shortening (VCF) were studied in 18 patients with mitral valve prolapse and 16 normal subjects using computer analysis of echocardiograms. VCF attained its maximum (max VCF) during the preprolapse period an average of 94 msec before the mid-systolic click. Max VCF was significantly reduced in patients with mitral valve prolapse (2.06 vs 2.55 circ/sec in normal subjects, P < 0.001).
IN ADDITION to the prolapse of the mitral valve, the systolic click-late systolic murmur syndrome is characterized by electrocardiographic,'metabolic' and contraction abnormalities."-8 Angiographically, the contraction abnormality is manifested as segmental hypo or dyskinesis or diffuse hypokinesis of the left ventricle. In most patients, global left ventricular function remains unaffected. In the subset of symptomatic patients who undergo cardiac catheterization, abnormal hemodynamics at rest or during exercise are frequently noted. 8 In interpreting angiographic and echocardiographic data in patients with mitral valve prolapse, one must consider that the prolapse may have an unloading effect on the left ventricle. In mid-to-late systole, the mitral valve leaflets are suddenly displaced from the left ventricle into the left atrium causing an abrupt alteration in ventricular geometry. Mitral regurgitation, which may be present during the prolapse period, would contribute additionally to the unloading effect. Unloading of the left ventricle enhances left ventricular wall motion. Angiographic and echocardiographic measurements, which are based on the total dimensional change from end-diastole to end-systole could, therefore, lead to an overestimation of LV performance.
These considerations suggest that myocardial function in this syndrome should be evaluated in the preprolapse period. For this purpose, the instantaneous left ventricular diameter and the instantaneous velocity of circumferential fiber shortening (VCF) were measured in patients with mitral valve prolapse and normal subjects using computer analysis of echocardiograms.
Received August 20, 1976 ; revision accepted March 28, 1977. percentage of diameter shortening was found between patients and normal subjects. This discrepancy is explained by a sustained rate of mid-to-late systolic diameter shortening in the presence of mitral valve prolapse as manifested by a typical VCF profile (P < 0.001) and a longer duration of diameter shortening (353 vs 306 msec in normal subjects, P < 0.01).
The decrease of max VcF in patients with mitral valve prolapse suggests a reduction in LV contractility. Since the abnormality is present in the preprolapse period, it is unrelated to a direct mechanical effect of the prolapse itself. Additional fiber shortening in midto-late systole indicates that the sudden displacement of the mitral leaflets may have an unloading effect on the left ventricle.
Methods
Eighteen patients (mean age 35.5 years, range 25 to 59) with echocardiographic evidence of mitral valve prolapse were studied. Most patients were asymptomatic and were evaluated because of abnormal auscultatory findings. A single mid-to-late systolic click was recorded in all patients. In six patients (3, 4, 10, 14, 17, 18) , the click was followed by a late systolic murmur; in two patients (5 and 16) , the murmur preceded the click. The early systolic murmur did not coincide with the echocardiographic prolapse which was latesystolic and was preceded by a single click. ECG abnormalities were noted in five of the 18 patients. Nonspecific ST-T abnormalities were seen in patients 4, 10 and 13. Occasional premature ventricular complexes were recorded in patients 3 and 15. A pathologic Q wave in III, aVF and Vf was found in patient 4. Sixteen healthy subjects age 20 to 43 years (mean age 28.4) served as a control group for comparative purposes.
Strip-chart echocardiograms at 50 mm paper speed were recorded in the supine or left lateral position using an Ekoline 20 ultrasound unit, which was interfaced with an Electronics for Medicine DR 8 recorder. In order to measure left ventricular dimensions, the echo transducer was placed in the 3rd or 4th intercostal space. It was angled in such a manner that the tip of the anterior mitral leaflet or the chordae just below the mitral valve were visualized. At this position, recordings of the motion of the interventricular septum and left ventricular wall were made. In the patient group, a phonocardiogram from the mitral area filtered to display frequencies between 200 and 500 Hz was recorded simultaneously. A lead II ECG was monitored continuously in patients and normal subjects. Only those tracings where a continuous, well-defined endocardium was seen were included in the study.
The tracings were then digitized at a sampling rate of 1000/sec using a hand-controlled articulated cursor. After sampling multiple calibration points, the onset of the QRS complex and the systolic click were sampled with an accuracy of ± 0.5 msec. Then the left ventricular septal and 311 posterior wall endocardium as well as the ECG and phonocardiogram were outlined by means of the cursor. This information was stored in the core memory of a Sigma 3 computer. By computing the instantaneous distance between the interventricular septum and left ventricular posterior wall, the left ventricular diameter time curve was obtained.9 Using a least squares differentiation formula (nine point-cubic), the first derivative of this diameter-time curve was calculated and divided by the end-diastolic diameter to obtain instantaneous values for VCF. The diameter time curve, VCF, the phonocardiogram and ECG were graphed on an X-Y plotter ( fig. 1 ). In addition to the plot, all instantaneous values were printed. The following measurements were made automatically by computer:
3) Extent of diameter shortening (EDD-ESD) in cm.
4)
Percentage of diameter shortening ( EDD SD X 100) EDD 5) Duration of diameter shortening (time from EDD to ESD) in msec. 6) Max VCF in circ/sec; beat-to-beat variation of max VCF in six consecutive beats was tested by one way analysis of variance and found to be 11%. 7) Time from onset of QRS to max VCF (T QRS-max VCF) in msec.
8) Time from max VCF to systolic click (T max VCF-X) in msec.
Student's t-test was applied to determine statistical significance between mean values; P < 0.05 was considered statistically significant. A chi-square evaluation for a 2 X 2 contiguous table was performed to test whether or not a statistical difference in the shape of the VCF curve between normal subjects and patients was present. For this purpose, the VCF profiles of normal subjects and patients were mixed randomly. An independent observer was asked to classify them into two groups on the basis of a sharp, V-shaped or sustained, U-shaped VCF profile ( fig. 1 ).
Results
The individual data of normal subjects and patients are summarized in tables 1 and 2. Typical echocardiographic recordings and the corresponding computer plots in a normal (# 12) and a patient with mitral valve prolapse (# 12) are shown in figure 1 . Max VCF and percent diameter shortening for all patients and normal subjects are shown in figure 2.
In the patient group, the LV end-diastolic diameter was not significantly different from control (average 5.12 vs 4.80 cm). The percentage of LV diameter shortening throughout systole was identical in both groups (average 42%, fig. 2 ). The duration of diameter shortening, however, was prolonged in patients with mitral valve prolapse averaging 353 vs 306 msec in normal subjects (P < 0.01). This longer duration was not related to heart rate, which was 74 in normal subjects and 72 per minute in the patient group.
The principal difference between patients and normal subjects was a lower value of max VCF averaging 2.06 circ/sec in the patient group vs 2.55 circ/sec in the control group (P < 0.001) but the individual values showed some overlap ( fig. 2 ).
Max VcF occurred an average of 94 msec before the mid-systolic click. Essentially no difference between groups was observed in the timing of max VCF (179 msec after QRS in patients vs 166 msec in normal subjects). In the presence of mitral valve prolapse, a characteristic shape of the VCF curve was seen. In 16 of 18 patients, a broadened, sustained peak of VCF was recognized by a neutral observer, whereas all normal subjects were classified to have a sharp single peak (P < 0.001 Abbreviations: EDD = LV end diastolic diameter; Max VCF = maximal velocity of circumferential fiber shortening; TQRs-Max VCo = time from onset of QRS to Max VCF. curve in patients and normal subjects are given in figure 3. No difference in blood pressure was noted between the patient group and the normal subjects.
Discussion
Echocardiographic determination of mean VCF and its clinical usefulness have been emphasized previously by several investigators.'0 12 In order to evaluate the time course of contraction, VCF has to be measured instantaneously. This requires high frequency sampling of LV dimensions and computer assistance for its calculation. Quinones et al.'2 constructed a VCF curve by calculating VCF every 20 msec and fitting a curve through the calculated values. The good cor-relation between mean angiographic VcF and maximal echocardiographic VCF established by these authors verifies the value of the echocardiographic method. The method used in our study resulted in reproducible measurements of VCF as apparent from figures 1 and 3. Beat-to-beat variation of max VCF was less than 11%. This variation includes physiologic beat-to-beat changes as well as the methodical error. The optimized method of calibration, high frequency sampling, continuous hand-controlled digitization at a high sampling rate of 1000/sec and adequate digital differentiation of the data are the main factors accounting for this degree of reproducibility.
VCF has been shown to be a sensitive parameter of LV con- tractility responsive to positive'2, 18 and negative1' inotropic stimuli. Recent studies indicate that it may be a better index of contractility than indices derived from analysis of isovolumic contraction.1' 18 It appears to be independent of preload,17 but, in addition to contractility, it is inversely related to afterload.1' During the preprolapse period, a different state of afterload is unlikely between our normal subjects and patients, since no difference in blood pressure values was found. During late systole, the displacement of one or both mitral leaflets in patients with mitral valve prolapse may have an unloading effect on the left ventricle. VCF profiles of three patients with mitral valve prolapse. In the normal subjects, VCF usually has a sharp, single peak. In most patients with mitral valve prolapse, the VCF curve has a sustained peak and max VCF is reduced. The reduction in max VCF most likely reflects diminished L V contractility. The sustained peak suggests an unloading effect of the prolapse.
reasons, VCF has to be measured during the preprolapse period.
In previous studies, a close temporal relationship between the onset of mitral valve prolapse and the time of systolic click has been demonstrated.'9-22 Winkle and co-workers'9 showed that the onset of echocardiographic prolapse precedes the click by only 30 msec. Since max VCF preceded the click by an average of 94 msec, it was well within the preprolapse period. It may be argued that a "silent" prolapse in other segments of the mitral leaflets could occur earlier than the prolapse coinciding with the click. At present, we feel that the existence of a silent prolapse has not been documented beyond doubt. Most cases of silent prolapse were reported when echocardiographic criteria and techniques were not yet as strictly defined as they are now, and many of these diagnoses may represent echocardioQgraphic artifacts due to improper transducer position. In accordance with the above-mentioned studies, we believe that a single mid-to-late systolic click indicates the onset of a single prolapse. The significant reduction of max VCF in patients with midsystolic click late-systolic murmur syndrome suggests diminished contractility in those areas of the left ventricle that were visualized by echocardiography. Additional abnormalities in other segments of the left ventricle cannot be excluded by this technique. Our finding confirms previous angiographic reports5 8 and, in particular, the study by Liedtke and co-workers," who used the lateral projection to evaluate left ventricular wall motion. The lateral projection most likely includes those areas of the left ventricle that are visualized by echocardiography. These authors found that the left ventricular inflow tract was hypokinetic in their patients with mitral valve prolapse. Although diffuse hypokinesis of the left ventricle has been described as well, in most patients the contraction abnormality was found to be localized. This could explain the finding that a serious reduction in max VCF was found in only 10 of our 18 patients, although in no patient did max VCF exceed the average of the normals. The study also demonstrates that the impairment of left ventricular contractility is present in the preprolapse period and, therefore, obviously unrelated to any direct mechanical effect of the prolapse itself. The eight patients with normal VCF values may have had a normal left ventricle or segmental contraction abnormalities in areas that were not examined by our technique. Angiocardiography, which was not justified in these mostly asymptomatic patients, might have failed to detect the contraction abnormality, since sampling rate (1000 Hz in echocardiography vs 60-120 Hz in angiocardiography) and spatial resolution of the left ventricular contour are not sufficient to obtain reproducible VCF curves.
Despite the reduction in max VCF, extent and percentage of diameter shortening were normal in patients with mitral valve prolapse. This is explained by the sustained rate of diameter shortening during mid-to-late systole as manifested by a typical VCF profile and a longer duration of diameter shortening. Both findings suggest LV unloading secondary to the prolapse. sion. Myocardial oxygen extraction at rest and during PT was not affected by the increase in arterial FFA. Seven patients asymptomatic during PT1 did not develop ischemic manifestations during PT2. In eight patients with angina during both PTs, increased arterial FFA concentration did not modify the severity of anginal pain, the amount of ST-segment depression and the myocardial balance of lactate or inorganic phosphate. Elevation of arterial FFA by heparin neither increased myocardial oxygen extraction at rest or during pacing nor accentuated ischemic manifestations during PT. it might be expected that pharmacological agents such as heparin or catecholamines, which increase arterial FFA, would prove hazardous in patients with ischemic heart disease. The present study was undertaken to determine whether a heparin induced elevation of arterial FFA increases myocardial oxygen extraction and ischemic manifestations at rest and during a standardized atrial pacing test in patients with angiographically documented coronary artery disease.
Patients and Methods
Fourteen males and one female, aged between 35 and 56 years, hospitalized because of chest pain for coronary
